Using a small-type rice miller, Pearlest, equipped with barley polishing parts, brown rice could be simply and rapidly polished up to the targeted polishing ratio of 70 %. This method was characterized by a low ratio of broken rice, reduction of the loss of moisture content of the samples, and more spherical polishing of rice kernels. Twenty-minute water absorption was clearly enhanced in varieties such as Ipponjime with kernels showing a low hardness, and the nitrogen content was lower compared with the control method. But these tendencies were not considered to hinder the evaluation of relative varietal differences, because it was found that the nitrogen content and 20-minute water absorption ratio of polished rice by this method could be utilized as stable evaluation parameters revealing the intrinsic characteristics of the varieties. Development of this rapid polishing method is considered to be extremely important for efficient selection in breeding programs for brewer's rice, because it may be possible to evaluate the nitrogen content of 70 %-polished rice and water absorption properties which had not been examined so far in earlier generations.
Introduction
As the preference of consumers for rice wine (sake) has become diversified, and their choice has shifted to higher class rice wine such as GINJOSHU (specially brewed using rice with a high degree of polishing and with outstanding taste and flavor), a large number of original brewer's rice varieties suitable for GINJOSHU with superior polishing characteristics have been developed in many rice breeding stations (Maeshige and Kobayashi 2000) .
Grain appearance of brown rice such as grain size and white core, and analysis of the protein content have been mainly used for the breeding of brewer's rice. However, investigations on other important brewing properties such as polishing characteristics, water absorption properties, digestibility, etc. have never been conducted in earlier generations of breeding.
In order to effectively develop a superior rice variety suitable for GINJOSHU, screening individual plants with suitability for brewing in earlier generations of breeding is extremely important. For this purpose, it is necessary to polish samples with a minimum amount up to the standard rice polishing ratio (apparent polishing ratio of 70 %) in conformity with the National Standard Analysis Method (Research Association on Brewer's Rice 1996), as simply, easily and rapidly as possible. For the rice polishing method currently applied which polishes a minimum amount of grains rapidly and with a high degree of polishing, a compact testing mill (HS-4, Chiyoda Engineering Co., Ltd., Hiroshima) designed by Aramaki et al. (1993) is used. Although the sample amount of 30 g is sufficient for polishing, it takes more than 30 minutes to polish one sample and more than 1 hour to cool the roller. Therefore, this method is not suitable for treating several hundred samples in breeding programs.
However, in the current study, equipped with barley polishing parts on a small-type rice miller Pearlest (Kett Electric Laboratory, Tokyo) in which rice can usually be polished only to an apparent polishing ratio of 90 % , it was found that the polishing of brown rice could be conveniently and rapidly performed up to the apparent polishing ratio of 70 % . And it became possible to evaluate the water absorption properties, which are closely related to the brewing suitability, in earlier generations.
In this paper, the performance of this method (denoted as the "rapid method" hereafter) will be described, compared with that using the compact testing mill. Also the results of investigations on its applicability will be reported in terms of characteristics of major brewer's rice varieties.
Materials and Methods
Comparison of rice polishing performance between the two methods 1) Rice polishing characteristics and kernel shape
The foundation seeds of Gohyakumangoku and Ipponjime, cultivated at Niigata Crop Research Center in 1998 were tested. Brown rice kernels with a thickness of more than 2 mm were sampled. The moisture content of brown rice was adjusted to 13.8 % in conformity with the Official Analytical Methods (Kumagai 1993) .
The compact testing mill HS-4 was used for the control method. The setting of the rice polishing conditions was based on the method of Iemura et al. (1996) using the roll mesh #60, shakedown driving before the onset of the test, and cooling of the roll for about 50 minutes before the next milling test. In the rapid method, the polishing parts (rubber side plate, stirring plate, washer and rubber disc) of Pearlest for brown rice were removed, and replaced with parts (metal side plate, stirring plate, washer and file disc) for barley. The stirring plate was rotated at 2940 rpm. The peripheral speed estimated from the diameter of the stirring plate was 665 m/ min. The sample amount was set at the maximum charging amount, 20 g.
Rice polishing by each method was conducted to reach the apparent polishing ratio of 70 ± 1 % . Rice polishing characteristics, i.e. polishing time and loss of polishing ratio (Aramaki 1997) , and kernel shape, i.e. polishing rice coefficient and original shape index (Noshiro et al. 1954) , were compared using an average of two replications (Table 1) .
2) Ratio of broken rice, moisture and nitrogen contents of polished rice Gohyakumangoku, Ipponjime, Takanenishiki and Yamadanishiki, produced in the 1998 yield trial, were polished using the same setting in both methods that described above, and the ratios of broken rice were compared. After polished rice was crushed, the moisture and nitrogen contents were determined using a near-infrared spectrochemical analyzer (6250HON, Nireco Co., Ltd., Tokyo).
3) Polishing and water absorption characteristics of samples with different moisture contents Gohyakumangoku, Ipponjime and Takanenishiki, produced in the 1996 yield trial, were used. The moisture content of the brown rice samples was adjusted to several levels, 10 to 16 % in conformity with the Official Analytical Methods. As for the control method, the amount of brown rice was set at 50 g, to be shared for two replications of the following tests. The revolving speed of the roll was set at 1500 rpm which was optimum for the sample amount. As for the rapid method, the two sample amounts of 15 g each were polished, and respective samples were investigated as two replications.
Firstly, the polishing characteristics (polishing time and ratio of broken rice) of brown rice with different moisture contents were compared. Next, the moisture content of the rice samples polished by the two methods was adjusted to several levels, 10 to 15 % in conformity with the Official Analytical Methods. Then, the water absorption properties (20-minute water absorption ratio) were compared.
Evaluation of properties of rice polished by the rapid method
In order to confirm the applicability of the rapid method, rice polishing tests were conducted using samples of 36 varieties/strains produced in 1996, and 34 in 1997, that were cultivated in the same field and by adopting the same crop management with only basal application of fertilizers. The brown rice samples were stored under the same conditions of temperature and humidity. The polishing time, the ratio of broken rice, the 20-minute water absorption ratio and nitrogen content of polished rice at the apparent polishing ratio of 70 % were tested. The nitrogen content was determined using InfraAlyzer 450 (Bran-luebbe Co., Ltd., Tokyo).
Results
Comparison of rice polishing performance between the two methods 1) Rice polishing characteristics and kernel shape Rice polishing time in the rapid method was shortened by 1/7 to 1/10 of that by the control method. Differences in the polishing time by the rapid method were not remarkable between Gohyakumangoku and Ipponjime. However, when the control method was applied, Ipponjime was polished in a shorter time by as much as 40 minutes than Gohyakumangoku. Differences between the true polishing ratio and apparent polishing ratio were not appreciable in the rapid method, resulting in a smaller loss of polishing ratio com- Table 1 . Evaluation parameters and methods
Parameter
Method of evaluation Apparent polishing ratio (%) 1) (Weight of polished rice/Weight of brown rice) × 100 (%) True polishing ratio (%) 1) (Thousand kernel weight of polished rice/Thousand kernel weight of brown rice) × 100 (%) Loss of polishing ratio (%) 2) True polishing ratio -Apparent polishing ratio Polishing coefficient of length 3) Length of polished rice/Length of brown rice 4) (the same for width and thickness) Original shape index (LW) 1) (Length/Width of polished rice)/(Length/Width of brown rice) 4) Original shape index (WT) 1) (Width/Thickness of polished rice)/(Width/Thickness of brown rice) 4) Ratio of broken rice (%) 2) (Weight of broken rice/Weight of polished rice) × 100 (%) Moisture and nitrogen contents (%)
Using a near-infrared spectrochemical analyzer Twenty-minute water absorption ratio (%)
Based on the Official Analytical Methods 1) Noshiro et al. (1954) 2) Aramaki (1997) 3) Saito et al. (1993) 4) Fifty complete kernels were used for the measurements pared with that of the control method ( Table 2) .
Based on the evaluation of the differences in the degree of decrease of the length, width and thickness of brown rice in the two methods, and on the polishing rice coefficients, it was confirmed that the decrease tended to be greater for the length and smaller for the thickness when the rapid method was used compared with the control method. The degree of decrease of the width appeared to be different between the two methods. The original shape indexes of Gohyakumangoku and Ipponjime were the same in the rapid method, while varietal differences in the shape were revealed in the control method (Table 2) .
2) Ratio of broken rice, moisture and nitrogen contents of polished rice
The average ratio of broken rice was only 1.6 % for the rapid method in contrast with 6.1 % for the control method. The varietal differences in the ratio of broken rice were also more conspicuous in the control method with a range of 4.5 % , compared with 1.5 % with the rapid method. In the rapid method, the moisture content of polished rice was higher by 1.1 to 2.0 % , while the nitrogen content was lower by 0.02 to 0.05 % compared with the control method (Table 3) .
3) Polishing and water absorption characteristics of samples with different moisture contents
In both methods, the ratio of broken rice tended to increase and the polishing time to decrease, with the increase in the moisture content in brown rice. At all the moisture levels tested, the use of the rapid method enabled to achieve polishing in a much shorter time and the ratio of broken rice was lower than that in the control method. In the control method, the ratio of broken rice significantly increased when the moisture content exceeded 15 % , while in the rapid method, the value was significantly lower even in the samples with a high moisture content (Table 4) .
The 20-minute water absorption ratio increased when the moisture content of polished rice decreased in both methods, and the same relationship among the three varieties was observed at all the moisture levels, suggesting that the 20-minute water absorption ratio is an intrinsic characteristic of the variety. The water absorption ratio was found to increase in the rapid method compared with the control method, especially in Ipponjime (Fig. 1) .
Evaluation of properties of rice polished by the rapid method
Analytical results of rice produced in 1996 and 1997 are shown in Table 5 . The polishing time of rice produced in 1996 was shorter, and the ratio of broken rice in 1996 was higher than that in 1997. The range of the ratio of broken rice was 4.1 % for 1996, and 2.1 % for 1997, and no correlation between the two years was recognized (r = 0.207, ns). On the other hand, significant correlations were recognized in the 20-minute water absorption ratio (r = 0.452, p < 0.01), nitrogen content (r = 0.720, p < 0.001) and polishing time (r = 
Discussion
Performance of the rapid method In this study, brown rice was polished using Pearlest equipped with barley polishing parts for the rapid method, and the performance of rice polishing was compared with the method using a compact testing mill HS-4 for the control method.
The rapid method enabled to achieve an apparent polishing ratio of 70 % in a much shorter time than that of the control method, and did not increase the ratio of broken rice. By omitting both shakedown driving at the start of rice polishing and cooling after polishing, the time required for the preparation of analytical samples was considerably shortened, and the evaluation of the brewing characteristics on a practical breeding scale became possible from earlier generations.
However, when the polishing rice coefficient was examined, it was observed that the decrease in grain length was greater and the decrease in thickness was less pronounced in the rapid method (Table 2 ). In general, the protein content of brown rice is considered to decrease gradually with an even rate from the surface into inside in all the directions of the kernel (Saito 1993) . If rice polished by the rapid method could be refined more spherically than by the control method, different results of evaluation might be obtained for the nitrogen content, which significantly affects the quality of rice wine. Analysis of polished rice revealed a lower nitrogen content by the rapid method than by the control method (Table 3) , presumably due to the lower loss of the polishing ratio and higher degree of the true polishing ratio by the rapid method ( Table 2) . As for the nitrogen content of the samples, the rapid method showed a similar tendency to that of the control method: higher in early maturing varieties such as Gohyakumangoku, Ipponjime and Takanenishiki, and lower in the late maturing variety Yamadanishiki. Thus it was considered that there were no obstacles in evaluating relative varietal differences in the nitrogen content.
As for the hardness of the kernels of Ipponjime, the hardness to breaking and crushing was considerably less conspicuous than that of Gohyakumangoku, and milling was easier (Sasaki et al. 1996) , as evidenced by the polishing time shown in Table 2 in the control method. However, the rapid method failed to reveal this tendency, and the original shape indexes of each variety were the same in the rapid method, presumably due to quicker polishing. These facts suggest that the rice characteristics detected by polishing for a longer period of time may not be revealed by the rapid method, in which a targeted polishing ratio should be obtained in a very short time. Therefore, more detailed studies should be carried out in the future on the relationship between the polishing time and changes in the kernel shape. Takeda et al. (1994) reported that the ratio of broken rice decreased when the hardness of the kernels increased due to the reduction of the moisture content and vice versa. Also in the current studies, similar tendencies were recognized, as shown in Table 4 . However, the effect of the moisture content of brown rice was less remarkable in the rapid method, and the ratio of broken rice was significantly lower even in samples with a higher moisture content, and varietal differences were not significant. Even in the samples of 1998, the range among varieties was less than 1/3 of that by the control method (Table 3) . Therefore, further detailed studies should be conducted on these aspects, especially on the cause of the lower ratio of broken rice in the rapid method.
As shown in Fig. 1 , the 20-minute water absorption ratio clearly increased in the samples of Ipponjime polished by the rapid method, and the differences from Gohyakumangoku tended to increase at a lower moisture content. The surface of the grinding disc of Pearlest is considerably coarse compared with the roll of the control method. It is assumed that since the kernel hardness of Ipponjime is much lower than that of Gohyakumangoku and Takanenishiki, the polished rice surface is less smooth and the surface area increases by the use of the rapid method. In addition, it is pos- sible that the degree of smoothness of the polished rice surface may vary depending on the moisture content of brown rice.
Applicability of the rapid method Growing and ripening conditions markedly affect the brewing characteristics of brewer's rice (Takahashi et al. 1984 , Okazaki et al. 1989 . When more than 30 varieties/ strains were investigated for their brewing characteristics in 1996 and 1997 by using the rapid method, significant annual fluctuations were observed in the polishing time and the ratio of broken rice. The maturity in 1997 was earlier by about 4 days on the average (Table 5 ), due to the higher temperature and longer duration of sunshine, and differences in the quality and physical properties of rice could be anticipated. It is possible to predict the polishing characteristics of harvested rice to some extent by applying the rapid method.
Out of 37 varieties/strains tested in the current studies, 31 had already been investigated in detail for 2 years in 1994 and 1995 by Ikegami and Seko (1999) at Hyogo Prefectural Agricultural Institute in terms of characteristics of brown rice. In addition, the analysis of the polishing characteristics (polishing time, loss of polishing ratio and ratio of broken rice) based on the National Standard Analysis Method using Satake's grain testing mill (Satake Engineering Co., Ltd., Tokyo) and ingredient analyses such as protein content, etc. of polished rice had also been conducted.
By comparing the results of evaluation of the characteristics of common varieties based on the Standard Analysis Method and the rapid method, a significant correlation was observed for the rice polishing time and the nitrogen content, but not for the ratio of broken rice (Table 6 ). The mechanism of rice polishing in the two methods was markedly different, and the ratio of broken rice was considered to be different due to the strong effect of the kernel shape, as observed in the polishing mechanism in the rapid method. Therefore, the polishing time and the ratio of broken rice in the rapid method were analyzed by using data of kernel size, kernel shape, size of white core, etc. observed by Ikegami and Seko (1999) . As a result, the polishing mechanism in the rapid method was not considerably affected by the kernel shape, etc., and it was considered that the possibility of increasing the varietal differences that already existed was limited. It was assumed that the inconsistency in the results of the ratio of broken rice between the two methods was due to the comparison of characteristics with a larger variance.
However, as Satake's grain testing mill is, at present, the polishing machine adopted for the National Standard Analysis Method for brewer's rice, detailed comparative investigations using many varieties in repeated years would be necessary in the future to analyze differences in the performance between the two methods.
Breeding studies on brewer's rice using the rapid method For the brewing of GINJOSHU and DAIGINJOSHU (higher class GINJOSHU), superior polishing characteristics of rice are indispensable (Hatakeyama 1994) , and it is considered that the evaluation of polishing characteristics is very important for varietal selection. Among the tested varieties/strains including Ginnosei, Yamadanishiki and Ginfubuki, some constantly showed a low ratio of broken rice in two years (Table 5) . For practical breeding, it is important to obtain a low ratio of broken rice over years. Further investigations on the rice polishing characteristics over several years using the rapid method should be carried out for efficient development of brewer's rice varieties with outstanding characteristics.
The water absorption characteristics of polished rice which are closely related to those of steamed rice and digestibility (Iemura and Fujita 1982) , are considered to be the major characteristics of brewer's rice. However, these characteristics had not been examined so far in earlier generations of breeding when hundreds of individuals must be treated, because no simple and rapid rice polishing method was available.
However, significant correlation coefficients were observed between the data obtained by the rapid method and those from previous reports , Research Association on Brewer's Rice 1993 for the 20-minute water absorption ratio of polished rice in major brewer's rice varieties (Table 7 ). Accordingly, it became possible to evaluate the water absorption properties in addition to the grain quality and the nitrogen content, etc., which have been tested so far.
As mentioned above, the rapid method could become very important in promoting the efficiency in line selection in earlier generations of breeding for brewer's rice, and this method is considered to be widely applicable also for the Table 6 . Correlation of polishing characteristics and nitrogen content between the present data and those obtained by Ikegami and Seko (1999) evaluation of characteristics in yield trials, quality check of recommended varieties, etc. Recently, white core specific proteins in rice varieties have been analyzed (Yamada et al. 2001) , and the time required for preparing rice samples was considerably shortened and the efficiency of research was much improved by utilizing the rapid method. In the future, the applicability of the rapid method should be examined also in genetic research on brewer's rice.
